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METHOD AND SYSTEM FOR SPATIAL 
FILTERING OF AN EXTENDED RADATION 
SOURCE WITH CHROMATIC ABERRATION 
OF IMAGING OPTICS IN SINGLE-ELEMENT 

DETECTOR MEASUREMENT FOR 
MONITORING OF THE EXTENDED 

RADATION SOURCE 

FIELD OF THE INVENTION 

This invention relates to a method and System for moni 
toring the extended radiation Source and, more particularly, 
to a method and System to apply the Spatial filtering of an 
extended radiation Source with chromatic aberration of 
imaging optics to the monitoring of the extended radiation 
Source with Single-element detector. 

BACKGROUND OF THE INVENTION 

The extended radiation Source has been monitored for 
tracking, Weld monitoring and autofocusing with Single 
element or array detectors. Though the array detector can 
monitor the variation of the extended radiation Source easily, 
it cannot be used with a single-core fiber. 
On the other hand, it is quite difficult to monitor the 

variation of the extended radiation Source with Single 
element detector. In the tracking, a Single-element detector 
can monitor the motion of the extended radiation Source, but 
the local variation inside of the extended radiation Source 
has never been monitored with Single-element detector. 

The chromatic aberration of optics has been used in 
autofocusing (U.S. Pat. No. 4.992,859) and tracking (U.S. 
Pat. No. 5,444.236). In these U.S. patents, array detectors 
have been used as means for capturing the images. 
Therefore, these prior arts have the problem that they cannot 
be used with the single-core fiber. 

Further, the chromatic Signals from Weld pool have been 
used in the weld monitoring (U.S. Pat. No. 5,155,329), but 
this patent does not use the aberration of the optics itself. 

SUMMARY OF THE INVENTION 

It is a primary object of the present invention to provide 
a method and System for monitoring the variation of an 
extended radiation Source, in particular the local variation in 
the intensity profile of an extended radiation Source easily 
and quickly using a single-element detector, to analyze the 
movement and the decay of an extended radiation Source 
whereby the position and the size of the extended radiation 
Source can be controlled or monitored and, furthermore, the 
environmental effects on the extended radiation Source can 
also be analyzed. 

In the present invention, the Spatial filtering of an 
extended radiation Source with chromatic aberration of 
imaging optics is applied to the monitoring of the variation 
of the extended radiation Source. 

According to the present invention, the local variation of 
an extended radiation Source can be detected with Single 
element detectors, not with an array detector, for faster and 
easier monitoring of the extended radiation Source, and the 
remote operation with Single core fiber transmission is 
possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a simplified model for 
detection of an extended radiation Source; 

FIG. 2 is a diagram used to explain the Signal enhance 
ment to detect the local variation of the extended radiation 
Source with Spatial filtering, 
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2 
FIG. 3 is a schematic view of the preferred embodiment 

of the present invention; 
FIG. 4 is a three-dimensional graph showing the trans 

mittance of radiation VS. the position of Source at wavelength 
0.532 um for the system shown in FIG. 3; 

FIG. 5 is a three-dimensional graph showing the trans 
mittance of radiation VS. the position of Source at wavelength 
0.95 um for the system shown in FIG. 3; 

FIG. 6 is a three-dimensional graph showing the trans 
mittance of radiation VS. the position of Source at wavelength 
1.5 um for the system shown in FIG. 3; 

FIG. 7 is a table showing datum of a graph shown in FIG. 
4: 

FIG. 8 is a table showing datum of a graph shown in FIG. 
5; and 

FIG. 9 is a table showing datum of a graph shown in FIG. 
6. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Embodiments of the present invention will now be 
described in greater detail with reference to more specific 
drawings and data, which are for a better understanding of 
the invention and not for limiting purposes. 

Referring now to FIG. 1 of the drawings, a schematic 
diagram of a simplified model for monitoring an extended 
radiation Source is shown. The radiation from the extended 
radiation Source 1 is collected and imaged on an aperture 3 
by an imaging optics 2. The extended radiation Source 1 can 
be either a Self-radiating extended radiation Source or an 
induced extended radiation Source Such as the Weld pool 
generated by laser delivered through the same imaging 
optics 2. The imaging optics 2 consists of one or Several 
lenses having large chromatic aberration. 

In the present invention, the aperture 3 can be either the 
detector itself or any physical aperture Such as a hole or an 
input end of a fiber which delivers the laser to the imaging 
optics for laser materials processing. The only requirement 
for an aperture 3 is that all the radiation which passes the 
aperture 3 should be integrated by the detector 4. 
To get the information on the local variation of extended 

radiation Source, the Spatial filtering is applied over the 
extended radiation Source 1 for Signal enhancement before 
the radiation gets to the detector 4 and is integrated over the 
extended radiation Source 1. Due to the chromatic aberra 
tions of imaging optics 2, the maximum effective radius of 
the extended radiation Source which the detector 4 can See 
varies by the wavelengths. The “effective radius' means the 
radius where the transmittance times the intensity of radia 
tion at that radius has non-Zero value for the contribution to 
the integrated Signal. 

Further, the transmittance of radiation from each element 
of the extended radiation Source 1 to the detector 4 depends 
on the wavelengths of the radiation and the position of the 
radiation Source element as shown in FIGS. 4-6. 

In other words, we can adjust the maximum effective 
radius of extended radiation Source and the multiplier, i.e., 
transmittance for the radiation from each element during 
integration of the detector Signals from all elements within 
the maximum effective radius by the wavelengths. 

In conclusion, the intensity profile of the radiation for 
each wavelength is multiplied by its own transmittance 
curve during the integration at detector 4. However, the 
shape of the intensity profile does not vary much by the 
wavelengths. In principle, it is quite Similar to filtering 
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process, and Some wavelength having wider bandwidth can 
See the wider extended radiation Source. 

In FIG. 2, the curves a, b are the transmittance curves for 
two wavelengths W. and W, and the curves c, d are the 
intensity curves of the eXteded radiation Source at two 
moment, respectively. If the intensity curve of the extended 
radiation Source is changed from curve c to curve d, the 
detector signal at wavelength W, can distinguish only the 
change in the intensity of the extended radiation Source. 
However, in this case, the detector Signal at wavelength W. 
can distinguish both the change in the size and the change in 
the intensity of the extended radiation Source. Therefore, to 
remove the effect of the Signal level change, the two signals 
are divided and the ratio of the detector Signal at wavelength 
W to that at wavelength W, can detect the change in the 
Size of the extended radiation Source without any interfer 
ence from the change in the intensity of the extended 
radiation Source. 

All kinds of filtering techniques can be applied for detec 
tion of the local variation in the intensity profile over the 
extended radiation Source. 

Furthermore, according to the present invention, the fac 
tor which causes the variation of the transmittance curve can 
be detected and controlled. For example, the transmittance 
curve depends also on the focus shift of the extended 
radiation Source. Therefore, according to this invention, the 
focus informations can be obtained by processing the 
Spatially-filtered multi-wavelength detector Signals, and the 
focus of the extended radiation Source can be controlled on 
the basis of the focus informations. 
An embodiment of the present invention will be described 

with reference to the drawings. 
In FIG. 3, a remote optical System for monitoring an 

extended radiation Source 9 is shown. The radiation from the 
extended radiation Source 9 is collected and imaged on the 
input end of a fiber 12 by an imaging optics 10. The imaging 
optics 10 consists of one or several lenses. If the spherical 
aberration of the imaging optics 10 becomes large compared 
to the chromatic aberration, the image blurring due to the 
Spherical aberration reduces the chromatic discrimination by 
the wavelengths. Therefore, the lenses of the imaging optics 
10 have high index of refraction to increase the chromatic 
aberration and to decrease the Spherical aberration. In FIG. 
3, the imaging optics 10 consists of two high index of 
refraction plano convex lenses 11a and 11b to reduce the 
image blurring due to the Spherical aberration of the imaging 
optics. 
A fiber 12 is used as an aperture and also as means for the 

flexible delivery of radiation. The radiation of the extended 
radiation source 9 is imaged on the input end of the fiber 12 
by the imaging optics 10, and delivered by the fiber 12. 
A collimating lens 13 is provided on front of the output 

end of the fiber 12. The radiation delivered through the fiber 
12 is collimated by the collimating lens 13. In order to split 
the collimated radiation by wavelengths, dichromatic filters 
14, 15 are provided after the collimating lens 13. 

In this embodiment, three wavelengths W, W, and W. 
are chosen in the order of WCW.<W for the spectral 
analysis of the extended radiation Source. The wavelength 
W is the wavelength to control the focus of the extended 
radiation Source or the wavelength quite near to that control 
wavelength with almost same chromatic aberration. The 
wavelengths W. and W are located further from the control 
wavelength and have much chromatic aberration with 
respect to the wavelength W. 

In FIG. 3, a first dichromatic filter 14 and a second 
dichromatic filter 15 are used to split the radiation by 
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4 
wavelengths W, W, and W. The number of dichromatic 
filter depends on the number of the subject wavelengths for 
the Spectral analysis of the extended radiation Source. 
The collimated radiation enters into the first dichromatic 

filter 14. The first dichromatic filter 14 transmits the radia 
tion at wavelength. W but reflects at both wavelength W. 
and W. Sequentially, the reflected radiation enters into the 
Second dichromatic filter 15, which reflects the radiation at 
wavelength W2 but transmits the radiation at wavelength 
W. 

Then, the split radiations pass the band-pass filters 16, 17 
and 18. The band-pass filter 16 has only wavelength W. 
passed, and the band-pass filter 17 has only wavelength W. 
passed, and finally, the band-pass filter 18 has only wave 
length W passed. 
The split and filtered radiations are collected on the 

corresponding detectors 22, 23, 24 by focusing lenses 19, 
20, 21, respectively. The detectors 22, 23, 24 make the 
detector Signals corresponding to wavelengths W1, W2, and 
W. The detector signals from the detectors 22, 23, 24 are 
input to a computer 26 for Signal processing by an interface 
25. 
To be more specific on the preferred embodiment, fol 

lowing specifications are assumed in the analysis. The 
diameter of the circular extended radiation Source 9 is 
assumed to be near 1 mm and imaged by two SF6 lenses 
with 25 mm focal length and 8 mm clear aperture on the 1 
mm core diameter fiber 12 with one to one magnification. 
Three wavelengths of 0.532 um (wavelength W.), 0.95um 
(wavelength W), and 1.5 um (wavelength W.) are chosen 
for Spectral analysis. 
The dependence of the transmittance for each Source 

element on the position of the Source element over the 
extended radiation Source and the focus shift of the extended 
radiation Source can be calculated at three wavelengths with 
an optical analysis program. Owing to the circular 
Symmetry, the radius of the Source element is varied during 
the analysis. The transmittance curves vs. the radius of 
Source element and the focus shift of the extended radiation 
Source are shown in three-dimensional diagram in FIGS. 4, 
5, 6 and the data are listed in FIGS. 7, 8, 9. In FIGS. 4, 5, 
6, x-direction represents the focus shift of the extended 
radiation Source. The positive direction means the outward 
defocus region and the negative direction means the inward 
defocus region. 
As shown in FIGS. 4 and 5, there is a big difference in the 

effective radius which can be seen from the detector between 
wavelength W. (0.532 um) and wavelength W. (0.95 um) 
Signals in the outward defocus region and between wave 
length W. (0.95um) and wavelength W. (1.5um) signals in 
the inward defocus region. 
AS explained above, the ratioS of the two spectral Signals, 

wavelength W. (0.532 um) signal over wavelength W(0.95 
Alm) signal or wavelength W. (1.5 lim) Signal over wave 
length W. (0.95 um) signal, can detect the change in the size 
of the extended radiation Source between the two effective 
radii in outward or in inward defocus region respectively. 
Furthermore, the decrease of the effective radius with focus 
shift is noticeable at wavelength W compared to the small 
decrease in the effective radius with focus shift at wave 
length W in the outward defocus region and that at wave 
length W. in the inward defocus region. It means the rapid 
Signal drop at wavelength W. With focus shift compared to 
the Slow Signal drop at wavelength W in the outward 
defocus region and at wavelength W. in the inward defocus 
region respectively for the extended radiation Source of size 
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larger than the effective diameter at wavelength W. 
Therefore, the ratio of W (0.532 um) signal over W. (0.95 
Alm) signal will increase for outward defocus, and the ratio 
of W. (1.5um) signal over W. (0.95 um) signal will increase 
for inward defocus. This information can be used for focus 
control of the extended radiation Source. 

In the above, we have assumed the intensity profile of the 
extended radiation Source maintains the same shape during 
the measurement. The case that there is local variation of the 
intensity profile of the extended radiation source will be 
explained. 

Although there is Some increase or decrease in the inten 
sity outside of the effective diameter at wavelength W, the 
Signal at wavelength W does not change Since the change 
of the intensity occurs outside of the effective diameter at 
wavelength W. However, there is also Some increase or 
decrease in the signals at wavelengths W and W in the 
outward defocus region and in the inward defocus region 
respectively corresponding to the variation of the intensity. 
Therefore, the same method as above, using the ratio of W. 
Signal over W Signal and the ratio of W Signal over W. 
Signal, can be applied to detect the intensity change outside 
of the effective diameter at wavelength W. if the size of the 
extended radiation Source is fixed. 

Additionally, the the signal at wavelength W is very 
Sensitive to the radial misalignment of the extended radia 
tion Source from the imaging optics axis compared to the 
Signals at wavelength W or W. Therefore, instead of using 
the Signal at wavelength W for tracking of the extended 
radiation Source, the ratio of the signal at wavelength W. 
over the Signal at wavelength W or the ratio of the Signal 
at wavelength W. Over the signal at wavelength W can be 
used in the tracking of the extended radiation Source where 
the intensity variation of the extended radiation Source due 
to the environmental effects can be compensated by the 
division of the Signals. 
AS to the Signal processing of the Spectral Signals, only the 

ratio of X/Y has been investigated to detect the local change 
in the extended radiation Source where X is the Signal at 
wavelength W or W. and Y is the signal at wavelength W. 
For a repetitive process, the ratio of X/Y at the start of each 
repetitive proceSS can detect the variation at the Start of each 
process. On the other hand, the ratio of (X-X)/(Y-Y) where 
X' and Y are measured with short time delay compared to 
the period of the repetitive process after the measurement of 
X and Y can detect the variation occurred after the start of 
each process, which possibly occurred due to the environ 
mental effects. In other words, the environmental effects on 
the extended radiation Source can be detected from the ratio 
of (X-X)/(Y-Y). 
AS described above, the present invention can perform 

Spatial filtering on the extended radiation Source by which 
the local variation of the extended radiation Source can be 
detected from the Single-element detector Signal. 

Further, in case that the focus of the extended radiation 
Source is shifted or the intensity of the extended radiation 
Source is varied, the present invention can detect the change 
thereof and control the extended radiation Source, and in 
particular, the present invention can detect the local varia 
tion of the extended radiation Source in realtime and repeti 
tively. 

Although the present invention has been described above 
in terms of a specific embodiment, it is anticipated that 
alterations and modifications thereof will no doubt become 
apparent to those skilled in the art. It is therefore intended 
that the following claims be interpreted as covering all Such 
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6 
alterations and modifications as fall within the true Spirit and 
Scope of the invention. 
What we claim is: 
1. A method for detecting variation of an extended radia 

tion Source from Single-element detector Signals integrated 
over the extended radiation Source, comprising the Steps of: 

focusing radiation from an extended radiation Source on 
an aperture with imaging optics with chromatic aber 
ration; 

Spatially filtering the focused radiation from the extended 
radiation Source by transmission through an aperture; 

Splitting the transmitted radiation by wavelength; 
focusing the Split radiation on detectors, 
detecting each wavelength signal integrated over the 

extended radiation Source repetitively; and 
processing Said Signals to detect variation of radiation 

intensity profile over the extended radiation Source; 
wherein 
(i) variation of size of the extended radiation Source 

between effective diameters of measured wave 
lengths can be monitored from the Spatially filtered 
Spectral Signals, or 

(ii) Signal processing of computing ratio of the spatially 
filtered spectral Signals is used in control of focus 
shift or centering of the extended radiation Source; or 

(iii) Signal processing of computing ratio of differences 
of the Spatially filtered spectral Signals where the 
difference of each spatially filtered Spectral signal is 
computed from two measurements of that Spectral 
Signal measured with Some delay, is used to monitor 
change of the extended radiation Source including 
change induced by environmental effects. 

2. A method as claimed in claim 1, wherein (ii) or (iii) the 
Signal processing of the Spectral Signals is computed repeti 
tively for the monitoring of the extended radiation Source 
induced by periodic process. 

3. A System for detecting local variation of an extended 
radiation Source comprising: 

imaging optics for collection of radiation from an 
extended radiation Source with large chromatic aberra 
tion; 

an aperture to limit transmission of an image of the 
extended radiation Source; 

means for splitting and Separating Spectrum of radiation 
by wavelengths, 

an interface to digitize Spectral Signals Several times for 
each repetitive process with varying delays to detect 
Variation in each repetitive proceSS and to monitor 
change in time in each process, and 

a personal computer to process the Spectral Signals. 
4. A System as claimed in claim 3, wherein the means for 

Splitting and Separating the Spectrum of the radiation com 
prises: 

a collimating lens to collimate diverging radiation out of 
the aperture; 

dichromatic filters to Split the radiation by wavelengths, 
band-pass filters to narrow bandwidth of each wave 

length; and 
focusing lenses to focus each chromatic radiation on a 

corresponding detector. 
5. A System as claimed in claim 3, wherein an input end 

of a fiber is used as the aperture for remote operation. 
6. A System as claimed in claim 3, wherein the imaging 

optics comprise one or Several high index of refraction 
lenses. 
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7. A method for detecting Size variation of an extended 
radiation Source, comprising the Steps of: 

focusing radiation from an extended radiation Source with 
imaging optics comprising one or Several lenses having 
large chromatic aberration; 

transmitting the focused radiation from the extended 
radiation Source through an aperture located in an 
image plane of the imaging optics, 

Splitting the transmitted radiation by wavelength with 
dichromatic filters and optical band-pass filters, 

focusing the split radiation filtered by a band-pass filter on 
a single-element detector which has only one Sensing 
area, 

detecting two spectral Signals split by the band-pass filters 
with two Single-element detectorS respectively with a 
digitizing interface; and 

processing the Spectral Signals digitally with a personal 
computer. 

8. A method for detecting Size variation of an extended 
radiation Source, comprising the Steps of: 

focusing radiation from an extended radiation Source with 
imaging optics comprising one or Several lenses having 
large chromatic aberration; 

transmitting the focused radiation from the extended 
radiation Source through an aperture located in an 
image plane of the imaging optics, 

Splitting the transmitted radiation by wavelength with 
dichromatic filters and optical band-pass filters, 

focusing the split radiation filtered by a band-pass filter on 
a single-element detector which has only one Sensing 
arca, 

detecting two spectral Signals split by the band-pass filters 
with two Single-element detectors repetitively with a 
digitizing interface; 

processing the Spectral Signals digitally with a personal 
computer, and 

further comprising one of the following steps (i)-(v): 
(i) applying spatial filtering to a chromatic intensity 

profile of the extended radiation Source automati 
cally with a transmittance profile of the imaging 
optics through the aperture located in the image 
plane of the imaging optics at a measured 
wavelength, 

wherein the chromatic intensity profile is multiplied by 
the transmittance profile at each element of the 
extended radiation Source and the multiplication at each 
element of the extended radiation Source is integrated 
over the entire extended radiation Source; 
(ii) Selecting two wavelengths wherein one wavelength 

is a wavelength to monitor the Size variation of the 
extended radiation Source and is used in imaging of 
the extended radiation Source on the aperture and the 
other wavelength is located far from the Size moni 
toring wavelength toward either longer or Shorter 
wavelengths. Such that a transmittance profile of the 
other wavelength has a non-Zero value over a wider 
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area of the extended radiation Source than size of 
non-Zero transmittance area of the Size monitoring 
wavelength; 

(iii) Size variation of the extended radiation Source 
between a non-Zero transmittance area of a size 
monitoring wavelength and a wider non-Zero trans 
mittance area of another wavelength is monitored 
from variation in ratio of two spectral Signals Spa 
tially filtered with the non-Zero transmittance pro 
files; 

(iv) focus shift of a fixed-size extended radiation Source 
is monitored from variation in ratio of two spectral 
Signals Spatially filtered through the aperture with 
focus-shift dependent non-Zero transmittance 
profiles, wherein size of the aperture is the same as 
an image Size of the fixed-size extended radiation 
Source at a size monitoring wavelength; 

(v) Signal processing of computing a ratio of spatially 
filtered spectral Signals is used in control of focus 
shift or centering of the extended radiation Source. 

9. A method as claimed in claim 8, further comprising, in 
addition to step (i), the step of: 

varying bandwidth of the spatial filter for each chromatic 
intensity profile of the extended radiation Source by 
Selecting wavelength and by adjustable chromatic aber 
ration of the imaging optics. 

10. A method for detecting size variation of an extended 
radiation Source, comprising the Steps of: 

focusing radiation from an extended radiation Source with 
imaging optics comprising one or Several lenses having 
large chromatic aberration; 

transmitting the focused radiation from the extended 
radiation Source through an aperture located in an 
image plane of the imaging optics, 

Splitting the transmitted radiation by wavelength with 
dichromatic filters and optical band-pass filters, 

focusing the Split radiation filtered by a band-pass filter on 
a single-element detector which has only one Sensing 
area, 

detecting two spectral Signals split by the band-pass filters 
with two Single-element detectors repetitively with a 
digitizing interface; and 

processing the Spectral Signals digitally with a personal 
computer, 

wherein Signal processing of computing ratio of differ 
ences of Spatially filtered spectral Signals where differ 
ence of each Spatially filtered spectral Signal is com 
puted from two measurements of that spectral Signal 
measured with Some delay, is used to monitor change 
of the extended radiation Source including change 
induced by environmental effects, and 

the Signal processing of the spectral Signals is computed 
repetitively for the monitoring of the extended radiation 
Source induced by periodic process. 

k k k k k 


